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Abstract This paper examines older driver’s automotive
trip (abbreviation: trip) characteristics which include trip
frequency, trip length, destination distribution, and non-
home-based (NHB) trips. A two-month experiment of 108
participants was carried out to collect GPS tracking data in
Aichi Prefecture, Japan. To identify the effect of living
area, a comparative analysis between older drivers and
others is conducted in densely inhabited district (DID, i.e.,
urban) and other areas (non-DID, i.e., suburban, rural, etc),
separately. The present study found that there was no sig-
nificant difference between the trip characteristics of older
drivers and others who were living in DID. Thus, we
suggest that the education of safety driving and the rec-
ommendation of public transportation should be given to
DID-living older drivers. However, the results of non-DID
reflected that older drivers’ trip frequency, trip length,
destination, and NHB trips rate were shorter and lower than
others’. This implies that electric vehicles may be suit-
able for promotion among older drivers in suburban and
rural area. Furthermore, the regression analysis confirmed
that ‘‘older driver’’ was a significant independent variable
on trip frequency, trip length, and NHB trips, and there
were interaction effects between ‘‘older driver’’ and ‘‘living
areas’’ on all trip characteristics.
Keywords Older driver  Travel behavior  Living area 
Trip frequency  Trip length  Destination distribution 
Non-home-based (NHB) trips
1 Introduction
According to United Nations World Population Prospects
(UNWPP), Japan has entered the period of a super-aged
society [1]. With the highest proportion of older adults in
the world, the number of older drivers in this country
reached 16 million in 2015, and is expected to surpass 20
million by 2030 [2]. Meanwhile, the consequential increase
of older driver-related accidents has also been an
inevitable problem. For instance, although the number of
traffic accidents in Tokyo has reduced by more than 50 %
in the last decade, the ratio of older driver in all accidents
nearly doubled from 10.9 % to 20.4 %.
Increasingly, researchers began to concern the aging
problem in the car society. Many studies reported that
physical and mental changes that often come with aging
can affect older adult’s travel behaviors. By a 5-year sur-
vey-based study on the relationship between health prob-
lems and risk ratio among older drivers, MacLeod et al. [3]
suggested to provide more driving training and assistance
to older adults. Delhomme et al. [4] found that older drivers
have some driving characteristics, such as driving at a
steady speed, conservative use of the accelerator, gear
shifting, etc. Ross et al. [5] indicated that most older adults
tend to overrate their driving ability. In their research,
85.14 % of older participants believed themselves as either
good or excellent drivers regardless of their actual previous
citation or crash rates. Meanwhile, aging may also change
people’s living and activity areas. Tahara and Iwadare [6]
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concluded that ‘‘younger’’ elderly people tend to move out
from metropolitan areas, as opposed to ‘‘older’’ elderly
people who have a higher tendency to move into
metropolitan areas. Benekohal et al. [7] summarized the
effects of aging on older drivers’ travel characteristics,
which included travel frequency, travel time, trip length,
etc. It suggested that all these indicators decrease signifi-
cantly as the age of the driver increases. Moreover, Rothe
[8] associated the high accident ratio of elderly drivers with
their prominently frequent around-home driving.
Home-based (HB) and non-home-based (NHB) trips,
which play an important role in trip generation, are also
important to understand driver’s trip characteristics. By HB
and NHB trips, the complex driving activities can be
converted into number of trips [9]. Because trips must be
generated by certain purposes, like from home to work,
home to shop, or school to home, HB and NHB reflected
drivers’ driving intention and travel convenience. Rothe’s
statistics [8] showed that the main trip purpose of middle-
aged group is commuting and social, while that of elderly
group is personal and family. On the other hand, one
consensus is that living area could affect driver’s NHB rate.
Victor and Ponnuswamy [10] estimated that NHB trips
might constitute 10 %–15 % of the total trips in most urban
areas. Through an improved calculation model, Schultz and
Allen [11] confirmed that NHB trips accounts for 25 %–
30 % of urban-living driver’s travel. Moreover, Gonzalez-
Ayala’s report [12] concluded that the NHB rate in urban
area is lower than that in rural area. About this phe-
nomenon, Hildebrand et al. [13] explained that rural-living
participants tend to chain more activities together because
they live further away from their desired destinations.
However, it should be noted that Hildebrand’s study only
focused on older drivers who were living in rural area, and
hence, the comparative analysis between older drivers and
other age groups was not conducted.
Another feature of these studies is that most of them are
mainly based on the questionnaire survey. Although self-
report study is widely used, it is difficult to avoid partici-
pant’s subjective effects, such as exaggeration, conceal-
ment, bias, etc. [14]. Ross and Dodson [5] even
recommended to abandon survey-based study on older
drivers because their feeling is likely not related to actual
driving proficiency. Considering the limited reliability of
self-report from older drivers, some studies analyzed trip
characteristics by the GPS-based travel diaries which were
collected by on-vehicle device [15, 16]. However, they still
lack the contrastive study of older drivers and others
among urban and rural areas.
Although some studies [17, 18] focused on the conse-
quences of aging-related driving habits change and sug-
gested to improve transportation alternatives, it often
lacked specific suggestions on transportation planning for
older adults living in different areas. For instance, public
transportation has many advantages in urban area, but its
demand, cost, and efficiency may decrease in suburban
area. Even in the same living area, whether older adults
driving less than others is still unclear. On the other hand,
the development of electric vehicles (EVs) is deeply
affecting transportation planning in current years [19].
However, although some automobile companies have
viewed older adults as potential users, the feature caused
by living area has not been considered yet. Associated with
some travel behaviors of older adults, transportation
infrastructure planning models and related policy issues
about EVs may be developed or improved.
The aim of this study was to evaluate the older adult’s
trip characteristics by comparing with other age groups
both in urban and rural area. The research objects included
trip frequency, trip length, destination distribution, and
NHB trips. It should be noted that the trip in this paper was
limited to automotive trip which did not consist of bus,
walk, or any other transportation mode. A 2011’s official
survey [20] suggested that automotive trip accounted for
about 67 % of all trips in the areas of this study. It could be
further estimated that automotive trip occupied more than
83.75 % in the trips of this study’s participants who were
holding driving licenses and vehicles [20, 21]. According
to some research [22], it can be inferred that the automotive
trip’s rate in suburban/rural is even higher than that in
urban area.
Further aims of this study were to confirm whether the
indicator of ‘‘older driver’’ could affect trip characteristics;
and to identify the interaction impact factors with older
driver on travel behavior. Except for the basic information
such as gender, age, and address, this study mainly relied
on probe vehicle (PV) data instead of questionnaire survey.
The results may contribute to the improvement of driving
assistant, driving training, and transportation plan for older
drivers.
2 Data and terminology
121 Drivers were recruited in the data-collection experi-
ment, which was carried out mainly in Aichi Prefecture,
Japan from April 1 to May 31, 2013. Before the experi-
ment, they were permitted to install data-collection devices
in their vehicles and then fill in basic information survey.
Due to machine faults or operation mistakes, there are 108
valid experiment subjects out of 121 participants. The
following three broad categories of data were assembled in
this study.
(1) Driver’s characteristics (e.g., name, gender, age,
address, etc.)
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(2) PV data (e.g., location, speed, date and time, engine
on/off, etc.)
(3) Region classification by population density (e.g.,
densely inhabited district or nondensely inhabited
district, etc.)
Following the introduction of data, the terminology in
this study will be given.
2.1 Driver’s characteristics
Driver’s characteristics were obtained by questionnaire
survey before the experiments. Participants were asked 18
background questions. According to age (mean = 40.3;
SD = 11), gender, and employment status, experimental
subjects are categorized into different groups as shown in
Table 1. The information of employment status is used in
the judgment of commute trip which is engaged by only
employee, student, or self-employed person. It must be
admitted that older drivers (10, 9.3 %) and nonworkers (11,
10.2 %) make up a relatively small proportion of the whole
sample. However, in order to ensure that the long
experiment of data collection was carried out smoothly, the
sample has to bias on workers and students who are below
60 years old. Table 1 also lists the population and pro-
portion of the study area by each age group [23]. It should
be noted that although female comprises a relatively higher
proportion of older adults, they are fewer in this study
because of the lower rate of female license-holding
(30.02 %) in all older drivers [24].
2.2 PV data
The PV data were collected by in-vehicle devices which
were equipped in each experimental car, separately. After
starting the device, data were constantly sent from the
moving car to the nearby base stations or receiving nodes.
There are 78 channels which record the types of number,
string, date, etc. Some of the data describe the road posi-
tions or environments, such as GPS (latitude, longitude,
altitude, etc.) and road ID. Other data present vehicle’s
moving information, such as fuel consumption (0.1 km/L),
running speed (km/h), and engine speed (rpm). Data are
Table 1 Sample distribution in this study and population distribution of the study area
Cases Sample distribution in this study Population distribution of the study area
Numbers Percentage (%) Population Percentage (%)
Total 108 318,020
Age
20’s 8 7.4 52,995 16.7
30’s 27 25.0 58,911 18.5
40’s 38 35.2 64,395 20.3
50’s 25 23.1 48,307 15.3
60’s and 70’s 10 9.3 93,412 29.4
Male 67 62.0
20’s 5 62.5 30,567 57.7
30’s 17 63.0 32,259 54.8
40’s 23 60.5 34,205 53.1
50’s 13 52.0 25,233 52.2
60’s and 70’s 9 90.0 46,461 49.7
Worker/student 97 89.8
Worker/student in 20’s 7 87.5
Worker/student in 30’s 24 88.9
Worker/student in 40’s 36 94.7
Worker/student in 50’s 22 88.0
Worker/student in 60’s & 70’s 8 80.0
DID-living
DID-living in 20’s 4 50.0
DID-living in 30’s 16 59.3
DID-living in 40’s 22 57.9
DID-living in 50’s 11 44.0
DID-living in 60’s and 70’s 3 30.0
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eliminated, while engine is off or GPS data are invalid
(e.g., driving in tunnel, on mountain road, or underneath
the viaduct). It should be noted that once GPS signal is
missed (e.g., after entering tunnel), localization estimation
algorithm (LEA) embedded in the in-vehicle device will be
operated automatically. Based on this algorithm, the
vehicle is assumed in the extension line of the last-recorded
direction at a constant speed which maintains the last-
recorded speed. Considering the low credibility, the esti-
mated records are also deleted in this study.
2.3 Region classification by population density
Based on the 2010’s population census conducted by
Statistics Bureau of Japan [25], densely inhabited districts
(DIDs) are designated in units of census basic unit blocks,
and census enumeration districts if there are several census
enumeration districts in a census basic unit block, and
should coincide with the following criteria.
1. A district containing basic unit blocks, etc., with a
population density of 4,000 or more per square
kilometer, such districts being adjacent to each other
in a municipality
2. A district consisting of the above adjacent basic unit
blocks, etc., whose population is 5,000 or more at the
time of the Population Census of Japan
Based on the definition above, DIDs could be viewed as
urban areas, while non-DIDs represents rural areas, sub-
urban areas, etc. Then, the address of each participant
could be located into DID or non-DID areas.
2.4 Terminology
Following words and concepts should be clearly defined
before discussing the methods and results of this research.
• Older driver: driver who is 60 years old or older.
• Trip: automotive trip (abbreviation: trip) which does
not consist of bus, walk, or any other transportation
mode.
• Commute trip: trip from home to office/school. Dis-
cretionary trip: otherwise.
• Peak periods (rush time): 7:00–10:00 and 15:00–20:00
on weekdays (Fig. 1).
Off-peak periods: otherwise.
• HB trip: a trip which has at least one end of the trip at
the home of the trip maker.
NHB trip: otherwise.
3 Methods
3.1 Trip frequency and length
Participants are classified by DID-living or non-DID-liv-
ing, which is hypothesized to affect trip frequency and
length. The data of some frequently driving participants
may have an excessively high influence on the results. To
avoid this condition, after each driver’s trips per day are
calculated, trip frequencies are further averaged by living
area and age groups, respectively. About trips length,
similar data process is operated. For the comparative
analysis between older driver and others both in DID and
non-DID, t test is used to evaluate whether there is sig-
nificant difference among two age groups.
Since commute trips usually comprise a certain route in
constant time, discretionary trips in off-peak periods are
calculated (the same in the analysis of destination distri-
bution and NHB rate) in this research. Each driver’s home
can be located by comparing their address information and
the PV data of the first most frequently visited destination.
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Fig. 1 Sample distribution on time of day of trip
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frequently visited destination (only lower than home) on
weekdays is considered as his/her commute destination.
3.2 Destination distribution
Different from trip length, the analysis of destination dis-
tribution is expected to help understand older drivers’
driving range around home. Participants are also classified
by age groups and living areas. Regardless of the origin,
the distance from home to destination can be measured by
GPS records. Considering that most trips might be dis-
tributed in a region not far away from home, this study
further investigates the destination distribution in a radius
of 5 km away from home.
3.3 NHB trips
By comparing the locations of trip’s end points (origin and
destination) and driver’s home, each trip can be broadly
classified as HB trips and NHB trips. Because the two age
groups are mutually interdependent and have different
sample sizes, Z-test is used to analyze the statistical sig-
nificance between older drivers and others.
Regression model is used to identify the impact factors
on all trip characteristics of this study. Because each GPS
data point could be considered as a single sample case, and
multiple samples with unequal sizes were collected from
each person, a random effects regression model is con-
structed to consider unobserved heterogeneity among dri-
vers [26, 27]. The model consists of 1 constant term (b0)
and 11 binary independent variables (X1, X2,…, X11): one is
gender, five are age, the other five are working/at school,
living area, weekday, rush time, and commute trip. It
should be noted that because the trip frequency is classified
by person and day rather than trip or hour, it is described by
Poisson’s regression model which is usually used for
multilayer data. Meanwhile, for the same reason, the fac-
tors of rush time and commute trip are not included in the
regression model of trip frequency. Furthermore, the
interaction terms between the variable ‘‘Age (60 or older)’’
and the latter five factors are also added into the model.
Through significance test, each variable’s effect on trip
characteristics will be examined. Considering that there
may exist an association between the interaction variables,
the association is measured by a Pearson correlation
coefficient (also referred to as ‘‘phi coefficient’’ for two
binary variables) [28]. If two variables interact, they may
or may not be associated. However, if two interaction
variables are associated (correlation between them is high),
one variable should be eliminated from the regression
model because the interaction effect is deduced to be
caused by the association. Furthermore, elasticity infor-
mation reflects the responsiveness of dependent variable to
an independent variable change, and it depends on where
the calculation starts [29]. If the elasticity is less than 1, we
can claim that the dependent variable is inelastic, and vice
versa. Thus, the elasticity at each age group is calculated to
confirm the responsiveness of dependent variables to age.
4 Results
4.1 Trip frequency and length
The average daily trip frequency and average trip length
are shown in Tables 2 and 3, respectively. Sample size
means the amount of trips (the same in destination distri-
bution and NHB rate). It reflected that in DID area, both
indicators of older drivers are almost the same as those of
other participants. In contrast, the older drivers in non-DID
area drive significantly less and shorter than participants
who are younger than 60.
Considering the traffic environment in urban area, such
as intersection of multiple directions, complex road net-
work, a large number of pedestrians and nearly unpre-
dictable traffic congestion, driving is often not a
recommended transportation mode not only for older dri-
vers but also for younger drivers [30]. On the other hand,
urban areas usually provide more travel options which
include bus, metro, taxi, and car-sharing. One possible
reason why DID-living older drivers do not drive less or
Table 2 Average daily trip frequency (trips/day)
DID (e.g., urban) Non-DID (e.g., suburban,
rural)
Older drivers Others Older drivers Others
Sample size 229 4,967 951 5,373
Mean 1.20 1.14 0.46 0.90
Std 0.99 0.54 0.19 0.61
t Stat 0.86 -42.49*
* P\ 0.05
Table 3 Average trip length (km/trip)
DID Non-DID
Older drivers Others Older drivers Others
Sample size 229 4,967 951 5,373
Mean 18.75 17.70 12.70 19.45
Std 10.70 8.43 6.40 8.24
t Stat 1.47 -28.58*
* P\ 0.05
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shorter than others is that the former have more free time to
avoid rush hours. The relatively smooth traffic flow in off-
peak period may increase their driving intention. Mean-
while, unlike moving from other region, aging is a gradual
process which could not lead older adults to abandon their
habit of driving immediately. As noted in the section of
introduction, some physiological changes with aging are
more easily to cause traffic accident. For the older drivers
who are living in the DID area, the promotion of public
transportation mode and the training of safety driving are
therefore needed.
In some previous survey-based studies [31–33], most of
rural-living older drivers claimed that giving up driving,
so-called driving cessation, meant isolation for them.
However, the data in this research show that older drivers
living far from urban areas tend to reduce travel by driving.
It can be inferred that older driver tends to buy a larger
quantity of goods while shopping and hence drives less
than others. Another possible reason is that the reduction of
tour, entertainment, and socializing with aging may
directly cut down both trip frequency and length. Mean-
while, in the long journey, middle-age people in family
may be required to drive, and older adults are pleased to be
passengers.
4.2 Destination distribution
Unlike trip length, destination distribution reveals the tra-
vel range around drivers’ home. Regardless of origins, all
trips can be imaged as distributed in concentric circles. As
trip frequency and length, Table 4 shows that there is no
significant difference between two age groups in DID area.
Meanwhile, non-DID-living older drivers’ travel range is
smaller than others.
As noted in Sect. 4.1, more training and education
should be given to DID-living older drivers for the pre-
vention of accidents. On the other hand, since most of older
drivers who are living in non-DID area inclined to drive
near home, it should be further investigated and explained
with the result of NHB trips in the next section.
4.3 NHB trips
NHB trips reflect the process of trips generation. Because
driver, usually as trip planner, attempts to quantify the
relationship between multiple activities and travel, a rela-
tively high NHB rate means efficient travel plan. As shown
in Table 5, the NHB rates of both age groups in DID area
remains within the range between 25 % and 30 %, which is
Table 4 Destination distribution (km)
DID Non-DID
Older drivers Others Older drivers Others
All trips
Sample size 229 4,967 951 5,373
Mean 16.61 14.22 9.30 15.14
Std 18.79 22.36 15.36 16.37
t Stat 1.86 -10.70*
Trips with the destination in 5 km range from home
Sample size 101 1,980 580 2,840
Mean 2.43 2.94 2.00 2.78
Std 1.37 1.26 1.09 2.46
t Stat -3.67 -12.00*
* P\ 0.05
Table 5 HB and NHB trips rate
DID Non-DID
HB trips NHB trips HB trips NHB trips
Older drivers 161 (70.31 %) 68 (29.69 %) 764 (80.34 %) 187 (19.66 %)
Others 3,538 (71.23 %) 1,429 (28.77 %) 3,356 (62.46 %) 2,017 (37.54 %)
z Stat -0.30 10.66*
* P\ 0.05
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consistent with Schultz’s model [11]. However, in the non-
DID area, the NHB rate of older drivers is significant lower
than that of others. Moreover, older drivers’ NHB rate does
not corroborate Gonzalez-Ayala’s conclusion [12] that
NHB rate in urban areas was lower than that in rural areas.
It should be noted that ‘‘z Stat’’ in Table 5 is the result of Z-
test.
With the smaller driving range from home (Sect. 4.2), it
can be inferred that older adults in non-DID do not prefer
continuous driving to different positions far away from
home. It reveals some older drivers’ life style: driving for
single purpose around home, such as farming, social
events, shopping in convenient store, etc; relying on other
drivers or other transportation modes while going to a
further destination.
4.4 Regression analysis
The result of regression analysis is shown in Table 6.
If one older driver-related independent variable signifi-
cantly affects the research object, the number will be in
bold.
Trip frequency, length, and NHB trip, except for the
destination distribution, are influenced significantly by
older driver (X6) even considering the interaction effect. As
analyzed in the previous section, the interaction between
older driver and living area is a significant influence factor
on each travel behavior. Moreover, about the trip fre-
quency, older driver also has a positive interaction effect
(X14) with the impact factor of weekday/weekend, which
implies that older adults driving on weekday can increase
the trip frequency. It accords with some reports [34, 35]
and may be caused by their expectation of avoiding the
traffic congestion during the weekends. As mentioned in
Sect. 3, correlation between interaction variables is mea-
sured by Pearson correlation test. The correlation coeffi-
cients are -0.4922 (X6 and X7), -0.1751 (X6 and X8),
0.0566 (X6 and X9), -0.0186 (X6 and X10), and -0.0244
(X6 and X11), respectively. And all of them are nonsignif-
icant at the 0.05 level. Thus, we can conclude that the
interaction effects are not caused by the correlation
between independent variables. The regression analysis
also demonstrates that living area (X8) plays an important
role in the trip characteristics, which confirms that it is
necessary to divide the participants of this research into
DID-living and non-DID-living groups. Furthermore, the
elasticity information is also computed and indicated by
superscript ‘‘IE (inelastic)’’ or ‘‘E (elastic).’’ It shows that
the responsiveness of each dependent variable to ‘‘Age (60
or older)’’ has high elasticity, which means that the change
of the former is strongly influenced by the latter.
5 Conclusions
Through a two-month experiment of 108 participants in
Aichi Prefecture, Japan, the present study primarily
focused on older driver’s automotive trip characteristics
which included trip frequency, trip length, destination
distribution, and NHB trips. To confirm whether living
areas (DID and non-DID) were relevant for older drivers’
trip characteristics, participants of this study were divided
not only into age groups but also into living area groups.
At first, this study found that there was no significant
difference between the trip characteristics of older drivers
and others who were living in DID. Many reports have
warned that some physiological and psychological changes
with aging are easily to cause driving mistakes. The other
unavoidable fact is that the complex traffic environment in
urban area is one important reason for traffic accidents.
Thus, we suggest that the education of safety driving
should be given to DID-living older drivers. On the other
hand, more convenient public transportation modes in DID,
such as bus, metro, and taxi, should be further promoted for
older adults.
Unlike the results in DID, trip characteristics had great
difference between two age groups in non-DID. The results
showed that older drivers’ trip frequency, trip length,
destination, and NHB trips rate were shorter or lower than
others. The first three indicators reflected that older drivers
living in non-DID tended to drive less and travel in a rel-
atively small range, while NHB trips demonstrated that
most non-DID-living older drivers had a tendency to travel
for fewer purposes. It should be noted that some previous
studies claimed that the NHB rate of rural-living drivers
was higher than that of urban-living drivers because the
former lived further away from their desired destinations.
However, in this study, this phenomenon was verified to
exist only in the participants who were younger than 60. It
reflected that aging might have greater effect on non-DID-
living older drivers than living area. All these character-
istics suggested that EVs might be suitable for promotion
among older drivers in rural area, because EVs’ weak-
nesses of charging space/time and endurance ability are
relatively easily to be accepted, while their advantages of
cleaner and greener could be developed.
Furthermore, to identify the impact factors on all trip
characteristics of this study, regression analysis was con-
ducted. The results showed that ‘‘older drivers’’ was a
significant independent factor on trip frequency, trip
length, and NHB trips. Moreover, it had interaction effects
with ‘‘living areas’’ on all trip characteristics during this
study. It also confirmed the necessity of grouping not only
by age but also by living area in this study.
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However, the main limitations of this study were its small
sample size (number of older drivers = 10) and limited
geographic coverage (Aichi Prefecture, Japan). Therefore,
caution should be exercised while extrapolating the results to
general population. On the other hand, some hypotheses about
the reasons of the phenomenon in this study may not be solid
because they were assumed only based on PV data but
lacking questionnaire survey. For instance, we can deduce
that older drivers are living a retired life in rural areas, and
therefore the need to travel is less, but in urban areas this age
group can still be active. Thus, further survey-based research
is needed to find out participant’s attitude to driving.
Future research will seek to analyze older drivers’ bio-
information which could not be estimated by PV data.
Biological data-collection device will be used in the
experiment, and the data are expected to respect the cor-
respondence between older drivers’ psychological charac-
teristics and their travel behaviors. A larger group of
elderly individuals is planned to be recruited in the further
experiment. Similarly, more participants from other age
groups will be tracked for the comparison of the results.
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